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Figures 4-14have been inserted in reverse order. All captions, are correct and placed on the correct page. These spectra have been calculated by a random-sampling ~lonte Carlo program on a CDC 6600 digital computer. Backscattering coefficients are found to. fit a IZ-dependence for Z > 13. The shape:; of the energy spectra depend strongly on the atomic number Z and are found to be in good agreement with experimental data. The angular distribution fits -(rr-a) 2/2 a cos(rr-a)oe .
-dependence .. The energy spectra, angular distributions,and backscattering coefficients depend on the angle 13 between the initial beam and the target surface. For decreasing angles 13, the most probable energy shifts toward the initial energy. The diffusion of electrons has been considered since 1893
(Lenard, "Lenard window") . Since then it has become clear that, in a scattering process of charged MeV-particles with potentials (potential scattering), five processes m~tbe considered to treat the problem theoretically:
(1) Single elastic scattering in a Coulomb field. The particle enters a Coulomb field VCr) of an atom. The scattering process occurs close to the nucleus. Then the particle is backscattered by an angle 1 X > n/2. The projectile loses little energy.
(2) Multiple scattering in a Coulomb· field. The projectile collides with an electron in the outer shell and is deflected by a small angle, X « n/2. Hundreds of thousands of collisions may occur before the particle is backscattered. Small amounts of kinetic energy are transferred to the atomic-bounded electron, which may be separated from its nucleus.
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(3) Plural scattering in a Coulomb field. This is the link from siggle elastic scattering to multiple inelastic scattering.
The scattering angle is'~~<X<.f)e-° •.. :,,' The scattering process occurs in the inner shells of the atOOl. More than one, but not too many, collisions are necessary to backscatter the projectile.
(4) Statistical variation of rate ofionizatian energy loss.
(5) Energy loss due to Bremsstrahlung.
The theory of plural and multiple scattering is based on the diffusion theory developed by W. Bothe.
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He assumed that the backscattered electrons Wft!e lower in energy than the primary ones, that the backscattering coefficient p increases with Z, and that the
shape of the spectra depends strongly on the target (Z) but little on the primary energy (for Eo <ll.UcMeV).
In 1947 and 1948, G. Moliere developed his theory of multiple scattering.
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The advantages of his theory over that of Bothe are that it is analytic almost to the very end, and that no special form of the differential cross section is assumed. For large target thicknesses he was able to expand his scattering probability f(8)8d8;
that is the number of electrons in the spatial interval (8 ,8+d8), in a power series, which is valid throughout the total angular interval (0,00), including the transition from single elastic scattering to mult~ple scattering. This power expansion (1) is the basic relation in this paper.' Moli~re' s theory is used in this work to calculate the distribution probabilities for a given . , L " .. Most scattering processes occur in the outer shell of the scattering atom, where the potential VCr) of the nucleus is screened off by the electrons in the inner shells. The problem is to find both an appropriate expression for the cross section which takes screening into account, and a probability distribution for the scattering angle.
An inhomogeneous potential VCr) can be regarded as a source of diffraction for a particle wave. The wave will be distorted while it penetrates through the potential. If the wave function ". "'sc of the scattered particle. on a plane far away from the center of diffraction can be found,then the differential cross section for scattering into the spatial interval (X, X + d X) is defined by This ratio can be expressed in tenns of a single parameter, the screening angle Xa (Gennan "Abschinnwinkel"). This relation is valid for any appropriate potential, e.g., for the Thrnlas-Fermi potential,
The ratio q(X) , rather than the cross section itself, will be used in the derivation of the statistical distribution of scattering angles.
Introducing 8 for the total scattering angles after n collisions-8 n =8 n -l + X -the probability for n-time scattering can be obtained by a recursion formula: (6) where P(x) is the probability that a particle suffers a single deflection into the surface element 0. With
Moliere obtains an integral expression which he could expand in a power series. The result is [the probability that a particle is scattered into a. spatial angular interval (8, e + de)]: 
B. Theoretical Results of Scattering Probabilities
The scattering probabilities in the interval (O,n) were calculated for Li, Be, AI, Fe, Cu, and Sn for 20 ranges of energy and angles increasing by 0.01 radians. The probability ftmction P(x) = f(e)e was normalized so that
The distributions for different energies and targets do not vary much except for small t. But here" the theory is 1 imi ted by B (see Moliere). A typical distribution is given in Fig. 2 for B = 10.
The main source for systematic errors is given by approximations in the numerical computations in the region of plural scattering.
Plural scattering has not been considered sufficiently. No spin interactions have been considered, no surface properties of the targets llave been taken into accotmt.
The theory is valid for energies l\in>z4/3 0l0 2 eV (see Moliere) , so likewise for energies from a few keY to a few MeV. . ;."
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.. As the parameters of the trajectory of a single electron or posi tron in an infinitely thick target cannot be treated analytically because of the complexity involved, the problem is simulated by a straightforward random-sampling Monte Carlo Method. A Monte Carlo program is basically a game whose rules are given by the scattering probabili ties.
Angular Distribution
As an electron penetrates into a metal a few millimeters only, it is not important to know the exact exit position of 'the backscattered projectile, but rather its penetration depth and its directional cosine.
If P(x) is the weight of a flIDction fCx) on an interval (x,x+dx), then the integral
[where r is a random number equally distributed on the interval (0,1)] has to be solved numerically for the upper limit. f(e,t)ede is the probability that a particle is scattered into a spatial angular interval (e, e + de), where fee) = fce, t, E) and e = f(o). fee)
is not known analytically but can be evaluated for special values As it is alIDost impossible to generate a random number r first and then find the upper limit of the integral because of time does not need to re computed, but it i$iprejeet:ed.on the x-y plane;
x is the coordinate perpendicular to the target surface. x and e are the parameters which detennine the penetration depth t and the direction of the moving particle. The incoming beam was always assumed to be at nonnal incidence to the target (i.e. ,perpendicular), expept in the last two figures ( Fig. 11 and 12 ). For the energy spectra of light elements (lithium and beryllium) the program was run for 10 000 particles; for all other targets, 2000 !were run. Figure 9 shows the Z-dependence of the backscattering coefficients for electrons; Figure 10 shows the angular distribution of the backscattered electrons for all targets (perpendicular beam). Figure 11 shows the energy spectra of copper for initial energy E04 = 1.75 MeV for electrons and angles 6 = 30°,60°, and 90° between incoming beam and target surface (see Fig. 11 for 6 ). Figure 12 shows the change of the angular distribution for Cu and angles 6 = 30°, 60°, and 90° for the same energy (1.75 MeV). All energy spectra are nonnalized with respect to the height of the 1.0 MeV electron peak of the tin spectrum in Fig. 7 . .lI£: 
A. Shapes of the Energy Spectra
The energy spectra are asymmetric with one most-probable energy (peak). This maximum shifts toward higher energies with increasing Z.
This means that in heavier elements the proj,ectiles are reflected wi thin layers close to the surface, whereas for lighter elements they penetrate deeper into the targets. The peaks for positrons are in general slightly lower in energy than those for electrons, due to the lower backscattering coefficients. Figure 13 • -27- 
where x = n-a, fits all values exactly. In the program, of course, it was already assumed that the distribution is the same for all azimuths ¢ and symmetric around a = 180 0 (see Fig. 10 ).
C. Backscattering Coefficients
The backscattering coefficient is defined as 3n/2 . Eb Table I below: -31-UCRL-19719 
